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From he Journal, Asiatic Societg~"FRbngal, Vol. LIV, Part TI, 19p6. . 


Memorandkm on the Corrosion of the Lead Linings of Indian Tea 
Chestsg-By Avzx. PEDLER, F.C. S., Professo® of ORemistry 
in the Presidency Qollege, Calcutia. 


During the last few years rather numerous igstances have happened. 
of chests of tea, apparently prepared and packed in the usual way in the 
tea districts of India, reaching Calcutta or England in a damaged cond 
tion; the demage consisting in the partial corrosion, and sometimes 
almost total destruction of tH8 lead linings of the chests, and in the 
eterioration of the quality of the tea itself. 

7 AR the request of the Indian Tea Association I undertook some time 
since to make some experiments in order to ascertain the cause ‘Sf this 
"corrosion, and though my experiments have not yet been completed so 
Afar as could wish, they are sufficiently far advaned to enable me, at the 
urgMit requeit pfthe Indian Tea Association and of the the Bengal 
Government, to write a preliminary memorandum. 
he previously published literature on this subject is remarkably 
meagt yy Bad it may be summed up in a few words. On the other hand, 
there is reason to believe that there isa large accumulation of unpub- 
‘ lished evidence on this subject, and it is desirable that some steps should 
be taken to collect and collate the mass of evidence which must have 
accumulated in the hands of the various agents of tea gardens, and in 
the hands perhaps of the more experienced planters. : 
. The first experimental enquiry as to the corrosion of the lead linings 
of Indian tea chests and its cause which I can find published in 


scientific periodicals appears tdéyhave been carried out some time previous—-~ 


to 1833 by Dr. Wigner, who was then President of the Society of Publio 
* Analysts in England. Ho ablished, in Vol. If of the Journal of tho 
Society of Chemical Inuustry, 2 paper entitled “The packing of sub- 
stances of delicate odour such as Tea, &o.”*, in which he describes his . 
experiments, made during the previous five or six years, in certain cases 
of corrosion of tea-leads in boxes made of Indian Woods, the consignments 
of tea coming principally from Assam. The edhclusioas at which he 
arrived were that the corrosion was due to the woud used” in the boxes, 
and his theory, though he did not adduce any specific Yacts as to the 
cause of the corrosion, was that the wood must have in some way 
generated acetic or other volatile acid, which, in the presence of carbonio 


acid and moist air, would account for the corrosion of the lead. My . 


experiments have in almost all respects confirmed this theory. 
SNe Hext contribution to our knowledge of this subject which I can 


Journal of the Society of Chemical Indastry, Vol. H, p. 256. 
- > : 3 
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find is ina Memorandum published by Dx G. Watt, on special duty wish. 


‘-the Revenuesand Agricultural Department, Government ‘>of India, and 


“dated Simla, Sune Ast, 1884, Dr. Watt makes the following Natement — 


“My views%n the subject of woods suitable for tea boxes are af variance 
with the popular outery, against our Indian timbers as injuring the Indian 
Teas.” He also states hu has observed the following curious facts :—‘ The 
tea may be completely destroyed, and yet upon the most careful scrutiny 
not a single openin{; can be detected in the lead. It is obvious that 
until the lead is corroded any injurious influence which the timber might - 
exert upon the tea could not take place.” Again,“ I have on several _ 
occasions had the pleasure of inspecting lead said to have been corroded 
by the action of the wood. But it is a curious fact that the action 
seems to commence on the inside of the lead instead of on the outside or_- 
on the surface in contact with the wood, (the supposed acid influence # 
which decomposes the metal) has not been apparently observedY’. He 
also suggests “ it may be the tea itself which corrod8¥-s metal and not 
the wood.” 

Dr. Watt also during the Calcutta International Exhibition bid an 
opportunity of working with 200 tea-box woods from all parts cf India, 
and performed a large series of experiments on the action of these wooda 
on tea-lead. He says both unseasoned and seasoned woods were used in 
these experiments, which were repeated once or twice, with moistened 
woods and under conditions intended to simulate those of the hold 
of a ship, and “in no instance has the lead been found to be in ever so 
slight a degree chemically acted on;” and finally Dr. Watt states “he 
failed utterly to discover any wood which seemed to possess the least 
chemical action upon lead.” i‘ 4 

In reply to this memorandum, Mr. Playfair, in the Indian~Daily 
News of July 29th, 1884, gave the results of caxtai-investigations on this 
subject, which had been made for him ‘n London in 1883 by the late Dr. 
A. Voelcker, F, R. S. Dr. Voelckers conclusions were that “ the corro- 
sion of the lead (in the Indian tea-chests) unquestionably is due to the 
attack of acetic or other volatile acids, and the subsequent formation of 
white lead (carbonate of lead) by the action of the air. Considering the 
fact that the sur”‘ces of the leads which were in contact with the tea 
were quite bright and sound, whilst the under surfaces in contact 
with the wood were more or less corroded; it appears to me that in all 
probability green or unripe wood has been employed in making the tea- 
chests. Such wood is known to generate in a somewhat warm locality 
acetic and analogous organic acids which act upon lead.”. 

Dr. Watt, in a long letter, dated August 13th, 1884, also to the . adian 
Daily News, discusses Dr. Voelcker’s conclusions, and -to a great extent 
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P&terates tha position he had‘ypreviously taken up. His conclusions 
may be faiffy well summed up in the following gstateg ent: “The 
chest is fu of tea which has been fermented, its fermentatjon arrested 
rapidly, and the tea is rapidly enclosed in a case and shipped. to 
Europe. Is it improbable that the ee of the fermented tea 
may not be the primary agent in the decomposition of the wood and 
the consequent corrosion of the lead ? Having arriyed at this conclusion 
T had little difficulty in producing from tea an"acetous organic acid 
which rapidly corroded lead; #o I have no doubt this volatile acid on 
escaping through the lead lining would soon establish in certain timbers, 
especially green and unseasoned ones, corresponding acetification, but I 
am cofvinced that we have to look to the tea itself and to some tmper- 
gfection in its manufacture, as the primary exciting agent in the corro- 
jeion of the lead and the damage of the commercial article.” 

go%iew, then, of these centradictory statements as to the cause of 
the corrosion ofthe tea-leads, Dr. Wigner and Dr. Voelcker being of 
opinion that the cause was the wood, though of course their proof was 
incomWete, and Dr. Watt holding that the cause was to be found in the 
tea, I cOmmenced the following experiments. 

From a practical point of view the first thing which it was desirable 
to settle was whether the tea or the wood of the chests was the active 
agent in inducing the corrosion of the lead. To test this view, certain 
boxes of tea were specially prepared, and they were then handed over 
to me by the Indian Tea Association. 

Three boxes represent the matter typically. 

No. 1 was a half chest cogtaining 40 ibs. of pekoe sonchong tea of 
ordinary manufacture. .The. half box was made entirely of wild mango 
wood (Mangifera indica), damp and unseasoned. ‘ 

After being kept Pstke ordinary way for several weeks this box was 
examined. On being opened the Wpper surface of the lead next the wood 
was found to be almost entirely covered with a white powder, which on 
examination was found to be principally “ white lead.” The lead was 
largely corroded over the whole surface, and in faciNeaten through in cer- 
tain places. There were several clear cases of pes ami, examined 
under a magnifying glass, the perforations were surroudded on the upper 

surface with very extensive corrosion. The lead was then cut off from 

the chest, and the surface next the tea examined ; over the greater part it 

was quite bright and free from corrosion, though in certai® parts it was 

.. Slightly tarnished. The perforations were also examined from the under 

- here was no trace of corrosion round the edges. Even in 

this, wich should be the most favourable position for corrosion if the 
corrosion is caused by the tea, no corrosion was seen. : 
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* The lead of the bottom of the box an? of the four sides was examin¢d, 
and the resulfs were similar to those above described. O71 all the ex- 
ternal surfgces the lead was largely corroded, and in somé\parts to a 
most excessive extent. On the inner side of the lead next ta the tea, 
except on those parts waere the lead had been entirely eaten through, the — 
lead was perfectly bright and clean. 

* The surface of the wood of this chest next to the lead was also 
found to be distinctlyacid to test paper. 

The lead having been perforated i: this case the corrosion was still 
open to the possibility of explanation in the manner suggested by Dr. 
Watt, though, as described above, every appearance was against it. To 
test tis point the following experiments were made : ® 

Pieces of the slightly moistened wood were placed with tea-lead in. 
a Jargo bottle with air charged with moist carbonic acid, but, after stand-” 
ing for some time, practically no corrosion of the lead appeared. ~ 7 

Some of the tea was taken under similar circumstalives to. the ae 
and placed with tea lead; the lead remained perfectly bright and uncor- 
roded, & 

Some of the wood of the box was distilled in a current of’ steam, 
and the distillate tested by placing some of it at the bottom of a bottle; 
piece of tea-lead was then hung in the bottle, so that it did not touch the 
liquid, and the bottle was repeatedly filled with air charged with moist 
carbonic acid.* The tea-lead was very distinctly corroded, on standing. 

Some of the tea was also distilled in a current of steam and the distil- 
late treated as in the last experiment, but it had no corrosive action what- - 
ever on the tea-lead. Some pieces of the ywood of this box were placed with 
water and tea-lead hung over it, but not.so as to touch it, and expesed 
to the air. The lead was corroded very rapidly. Some of the tea waa 
taken also placed in water and tea-lead hung cver“&, but not so as to touch 
it. Fora long period there was no _co?rosion of the tea-lead, but after the 
tea had become mouldy and had decomposed for some time, then corrosion 
set in, but very pee later than in the previous experiment with the 
wood. 

It was Lighly sities then, from these experiments that the wood 
was the source ~f‘uhe corrosion and certainly not the tea. 

Examination of Case No. 2. This was a half chest containing 
40ibs. of pekoe souchong tea, and made entirely of wild mango wood, 
which was tho?oughly dry and well-seasoned, but afterthe tea was pack- 


* The presence of the carbonio acid and mvist air is a necessary condition to” 
produce rapid action on lead in the presence of certain exciting agents It is ~--> one 
the oondition which a cheat of tea would probably be subjected to in the hol of & 
ship. 
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odjn the.box, one side, marked,“ B,” was well damped witWtresh water 
anil the otherpides left untouched. . 

This chgt was again kept for several weeks undé& ordiftary circum- 
stances, ang’ was then examined. Five of the outer sides of fhe lead lin- 
ing were quite free from corrosion, but the sixth urface, opposite to the 

Plank marked B, showed very evident corrosion, atid considerable amounts 
of lead carbonate or “ white lead" were present over almost the whole 
surface. This side of the lead lining was examinedJminutely, and there’ 
was no perforation of any kind yWsible. 

The inner side of the lead lining was also examined and the whole 
of the interior was perfectly bright and free from all tarnishing and 
corrosiagt. The inner side of the corroded part was examined most 

efully, but not the slightest evidence of any action could be detected, 
“mor were there any perforations on this side of the lead. 
4 fhe wood (seasoned) of this box and also the tea were allowed to 
yemain in contee with moist air containing carbonic acid for many 
weeks, but no corrosion took place. 

Is. this case, as there was no perforation of the lead on the side on 
which fee lead was corroded on the external surface, Dr. Watt’s explana- 
tion cannot possibly apply, and the only. logical conclusion is that the 
corrosion was due to the wood. This time also it will be seen the corrosion 
was brought about not by unseasoned wood, but by seasoned wood which 
had been subsequently intentionally thoroughly saturated with water. 

Examination of Case No. 3. This was a half chest containing 40bs. 
of pekoe souchong tea manufactured in the ordinary way, and the box was - 
made entirely of wild mango wood, but partly seasoned and partly damp and 
unsgasoned. The pieces of wodtl marked A were the damp and unseagon- 
ed wood of the box. The unmarked planks were of seasoned wood. 

For examination, ge tea in its lead lining was removed from the 
wooden box, and the lead liningpresented a very curious appearance, 
The following is a description of it.” 

_ Gide No. 1. The lead lining under the upper or broad plank shawed 
no corrosion: this plank was not marked. Thy lead lining under the 
narrow plank, which was the lower piece and was marked A,ghowed much 
corrosion. Side No. 2. Under broad unmarked Pyak practically no 
corrosion, under narrow plank (marked A) much corrosion. Side No. 3. 
Under large unmarked plank no corrosion and under small or narrow plank 
(marked A) much corrosion. Side No. 4. Under broad gnmarked plank 
no corrosion. Top of box under broad unmarked plank no corrosion, and 

: wee ay plank (marked A) much corrosion. Bottom of box. The 
greatg: part of the bottom lead was practically free from corrosion, but 
at its edges it showed. marked evidence of corrosion, particularly near 
two.gides of box where there were pieces of wood marked A. 
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The ha lining was very carefully pxamined, and, though. the hoa 
was much corroded in parts, it showed no sign of perforatida by the corro- 
sive action.® 

The iffterior of the lead lining was examined and it showed no signs 
of tarnishing or corrogion or any action whatever, _ = 

This tea was agai allowed to remain in contact with tea-lead for 
emany weeks in a moist atmosphere containing carbonic acid, and abso- 
lutely no‘corrosion tHok place. 

Here, again, as there was no pexforation of the lead lining, Dr. 
Watt’s explanation is untenable, and the corrosion was solely due to the 
use of unseasoned wood. 7 

Two other cases of lead corrosion were drawn to my attention, and 
though I regret I was unable to obtain the name of the wood of which, 
the tea boxes were made, the results of the examination are interesting. : 

‘A case of tea marked 8. (No. 1.) on being opened was foun’ ta have 
its lead lining corroded, but not to a very great extent7™The corrosion in 
this case was of totally different nature from that in the above cases, and 
thus while in ordinary cases the corrosion was white and to a Zertain 
extent pulverulent, in the case in question the incrustation was greenish- 
yellow in colour, and firmly adherent to the lead. The wood of the 
box judged externally seemed well-scasoned, but on being splintered 
emitted a “cheesy ” odour, which flavour, I was told, had communicated 
itself to the tea. The wood was examined and the odour appeared to 
be due principally to a minute quantity of butyric acid which was 
present. 

This wood was.subjected to distillation in a current of steam, the 
distillate placed in a bottle with tea lea@ hanging over it, and the battle-- 
was filled with moist carbonic acid; on standing one side of the lead 
became dull and tarnished, showing faint action 47 corrosion. 

Another chest of tea marked S. &. showed presently similar dam- 
age, and the wood again though apparently good and seasoned on the 
outside, when splintered gave off a very rank and offensive smell. This 
‘apparently was also “ue to a great extent to the presence of butyric 
acid. 2 us 

The wood of Oo 2. was distilled in a current of steam, and the distil- 
late placed in a bottle with tea lead hanging over it, though not touching 
it, and treated with air containing moist earbonic acid, and after a short 
time the lead showed distinct, though not a large amount of corrosion. 

These two cases are principally interesting because they show that 
more than one agent may sometimes be at work in this corroging_actio 
for the results of the action in this case are markedly different from the 
general corroding action found in the other cases. 
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, Six other,small boxes of tea%made of different kinds of wood were 

als6 examinedy These boxes were made I believe of weod r season- 

ing in He quae way. They were also handed over to ane by the 
Indian Tea,Association. 


. 
sa No. 1. Box made of simal* wood and kept ir} a damp atmosphere 


C 


for many weeks. The lead lining was free from corrosion both on the 
surface next to the wood and also on that next to the tea. 

No. 2. Box made of jokeet wood and kept in a aap atmosphere for 
many weeks. The lead lining was free from corrosion both on the sur- 
face next to the wood and also on that next to the tea. 

. No.3. Box made of kudumf wood and kept in a damp atmosphero 
for manf¥weeks, The lead lining was free from corrosion both on the 

‘ace next to the wood and also on that next to the tea. 

% No. 4, Box made of ahm § wood and kept in a damp atmosphere 
fr many*weeks. The lead lining was free from corrosion both on the 
surface next to th8 wood and also on that next to the tea. * 

No. 5. Box made of jowah|| wood and kept in a damp atmosphere 
for may weeks. The lead lining was free from corrosion both on the 
surface next to the wood and also on that next to the tea. 

No. 6. Box made of seeta[ wood and kept in a damp atmosphere 
for many weeks. The lead lining was free from corrosion except on one 
side where there was a faint trace of a white powder on the surface 
next to the wood, but next to the tea, the surface of the lead lining was 
absolutely bright. There was again no perforation. 

The woods of boxes Nos. 1 to 4, and also the tea which was contained 
in them, were exposed in contactywith some tea lead in the damp atmos- 
phere of a chemical laboratory for many weeks, and in this atmosphere 
there would be large quantities of carbonic acid and also vapours of 
various other acids, but corrosion of the lead was set up, by the action 
either of the wood or of the tea in thy hoxes. 

Taking then the general results of the foregoing work, it may be 
said the experiments prove conclusively that the active agent in the cdy- 
rosion of the lead linings of those tea chests was cevtainly not produced 
from the tea which was contained in the chests, but Yegm th® wood of 
which they were formed. ad 

It will also have been noticed that the corrosion was never produced 


* Probably wood of Bombaz malabaricum.* 
+ Probably wood of Bischoffiia javanica. 

ft Probably wood of Anthocephalus cadamba. 
§ Mangifera indica. 

Probably wood of Helicia robusta. 

| Probably wood of Anona squamosa. 
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‘ f 
when the wood of the box was in a thgoughly seasoned gnd dry covtti- 
tion, but that in every case where unseasoned wood was sed corrosion: 
of the lead, was thé invariable result. Again, in one instatye it is shown 
that evin where segaoned wood was used, if it be afterward&.thoroughly 
saturated with water,‘it again becomes capable of producing corrosion of 
tea-lead, though perhaps not go violently as wood in the unseasonsd state. 

° It therefore became desirable to determine whether this power of 
corrosion of tea leas was a property common to unseasoned woods in 
general, or whether it was only an isolated action due to the use of the wild 
mango wood, and for‘this purpose the following ten (10) samples of wood 
were experimented with. These samples were also prepared and handed 
over to me by the Indian Tea Association, and I believe they Pepresent 
wood which may be commonly used for tea boxes. As 

The following was the method of procedure. Pairs of planks of thr ~ 
various kinds of wood were prepared about 3 feet long by 8 inches wide. 
Between each pair a sheet of tea lead was placed afid the planks well 
screwed together. The planks with the tea lead were then exposed to a 
moist atmosphere for many weeks. The following are the namey*of the 
woods and their condition. « 

1st Pair. Wild mango wood, damp and unseasoned, the wood of the 
Mangifera indica. ‘ 

Qnd Pair. Wild mango wood, dry and well-seasoned. Wood of the 
Mangifera indica, - 

8rd Pair. Wild mango wood, dry and well-seasoned, , but after these 
pieces were screwed together, one of them (marked C) was well damped 
with fresh water and the other left untonched, Wood of the Mangifera _ 
indica. i - 

4th Pair. Dumboil wood, damp and unseasoned, perbaps the Calo- 
phyllum inophylium. sic 

5th Pair, Jalua wood, damp, gy-d unseasoned (ahm-jalna). 

6th Pair. Tulla wood, damp and unseasoned, perhaps wood of the 
Séerculia alata. S : 

7th Pair. Sita wood, damp and unseasoned, probably wood of Anona 
squamosa. ~ ; 

8th Pair.“ satrang wood, damp and unseasoned. 

9th Pair. Bolos wood, damp and unseasoned, probably wood of 
Juglans plerococea, 

10th Pair. Alodsake wood, damp and unseasoned. 

The following is the description of the condition of the leads on ex- _ 
amination. ; ae 

No.1. Both surfaces of lead very largely corroded, and a very consi- 
derable part of the lead entirely converted into white lead. ; 
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~ No.2. Que side of the leadiquite bright and free from oSrresien, aad 
the other sidgovered with a fungus growth, which 5 renjpval showed 
the lead s e bright and uncorroded. 

No. 3@ The upper plank marked C was discolowred. ¢ This was the 

“plank which had been saturated with fresh wafer.) The lead surface 
next to this plank was partly covered with vegetable growth, and there 
was also a moderate amount of corrosion, “ white lead” being present i iz 
considerable quantity. 3 

The lower plank (seasoned *vood not moistened with water) was 

» clean, and the surface of the lead in contact with it was quite clean and 
free from all trace of corrosion. 

No. 4. Both surfaces of lead were covered with vegetable or fingoid 
#rowth. The amount of corrosion seen on removing the vegetable 
growth did not appear to be large, but considerable quantitios of white 
lead Were found with the fungoid growth. 

No. 5. The’ greater part of the lead was corroded and eaten entirely 
through, and almost the whole of the lead was converted into white lead 
or carbanate of lead. 

No.6. Both sides of lead were covered with vegetable growth. In 
certain parts of the lead there had been considerable corrosion, and a 
moderate amount of white lead was present. 

No. 7. On both sides of the lead there was a large amount of fangoid 
growth and also of corrosion of the lead, much carbonate of lead was 
present, and in two places the lead was entirely eaten through. 

No. 8. Parts of the wood had almost entirely decayed away or rotted, 
and the wood was an extremely yoft one. Under the surface of the wood 
which had decayed, the lead was covered with vegetable growth and much 
corroded, but on the gther surface of the lead, next to the wood which 
had not decayed, the greater part was quite clean and bright, and only 
a small amount of corrosion was debated. 

No. 9. Both sides of the lead were much corroded. 

No. 10. On the upper surface of the lead there was a moderate 
amount of vegetable growth, and a small amount of.corrosion, and-on the 
lower side of the lead there was a large amount of ves ble* growth and 
a moderate amount of corrosion. 

The results of the first three experiments in the above sets of wood 
strikingly confirm the results of the previous experiments with the tea 
chests, and it will be seen that unseasoned mango wood attacks lead 
in a moist atmosphere rather violently, also that seasoned mange wood 
kep' has no action on it, but that seasoned mango wood, if it 
is subsequently saturated with water, becomes again in a condition 
in whjch it jgable to attack lead in the presence of a moist atmosphere, 
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though ‘ieee violently as is the case w}‘h the unseasoned wood. ofAhe 
other seven varieties of wood, all of them in a damp dad unseasoned 
condition, every simple corroded the lead in a moist atnitgphere, some 
woods corroding the lead very largely and others to a smallerextent. 

In order to test férther the action of these woods on tea-lead each of 
them was distilled in a current of steam to get off any volatile substance 
“present or produced by the action of water. Tho distillates were then 
taken, a portion of dach placed in large bottles with tea lead hanging over 
the liquid, and the bottles filled repeatedly with moist air containing car- 
bonic acid. : 

No. 1 distillate had a very musty and -unpleagant odour, and had 
only ‘an excessively faint acid re-action. It was treated as abéve when 
the lead was somewhat corroded at the bottom of the slip, and lead oat 
bonate was found to be present in small quantity. ‘ 

No. 2 distillate also had a very musty unpleasant odour: ard the 
watery layer was very faintly acid. The lead surface was slightly dulled, 
but no actual corrosion was perceptible. 

No. 8 distillate had also a musty unpleasant odour, the ligaid was 
almost neutral in re-action. The surface of the lead was very’ distinctly 
corroded, and a small amount of lead carbonate was found. 

No. 4 distillate had a musty unpleasant odour, and the liquid was 
faintly acid. The surface of the lead was slightly dull, and very faint 
traces of corrosion were found. 

No. 5 distillate had a musty unpleasant odour, and the watery solu- 
tion was faintly acid. The surface of the lead was slightly dull, and there 
was slight corrosion at a few points. Lead carbonate was present. 

No. 6 distillate had a musty unpleasant odour, and the solution was 
faintly. acid. The surface of the lead was decidedly dull and’ whitish, 
though there was only slight corrosion. 

No. 7 distillate had a mustyegp unpleasant odour, and the liquid 
was certainly not acid, but distinctly alkaline. The surface of the 
le&d was practically ynacted upon, 

No. 8 distillate had a slight ethereal smell but also a musty un- 
pleasant ofour ; ;4”.e liquid was alkaline. The lead surface was almost 
bright and there was practically no corrosion. 

No. 9 distillate had a musty unpleasant odour, and the liquid was 
distinctly alkaline, The lead surface was almost bright, and there was 
practically no corrosion. 

No. 10 distillate had e musty unpleasant odour and the liquid was 
almost neutral. The surface of the lead was distinctly tarmeaseyand a 
small amount of corrosion was visible; small amounts of lead carbonate 
were present. 


12 
qj 


169 


3 The actign of these woods dw, lead was tested in another way by 

_ macerating afmples of the splintered wood in ale evaporating till a 
fairly Seige core extract of the soluble privciple* of theawood was 
-obtained, fd then painting the surface of some tea-léad with the extract, 
~snd exposing the lead so prepared to the action of moist carbonic acid 
and air. 


No.1 sample. The lead scarcely acted on. 


No.2 ,, * ” a oo” 

No.3, no on no» 

No.4 ,, A smajl amount of lead carbonate formed. 
No ,, Slight amount of lead carbonate formed. 
No.6 ,, ” ” 9 ” ” 
No.7 ,, Practically no action on the lead. 

Noss ,, ” > 9 on 

to. 9 ,, ® Slight amount of lead carbonate formed. 
No. 10 ,, ” ” oo” ” ” 


Thm, amount of action in this set of ten experiments, and also in the 
previous set of ten experiments with the distillates in steam of those 
woods, was in all cases comparatively slight, and it was not to be compar- 
ed in extent or in nature, to the action which the same woods had pro- 
duced originally on the tea-leads which had been packed between them ; 
and the conclusion which naturally suggests itself from this is, that the 
cause of corrosion does not pre-exist in the wood in the condition of a 
volatile substance, and that it is not present to any large extent in the 
solution obtained by extracting 4he wood with water. = 

Taking these results then in connection with those previously detailed, 
it is clear that the corroding substance, whatever it may be, must be 
formed gradually in the wood, and jhat the formation is connected with 
the continued presence of moisture, WF"with the wood being in a damp 
and unseasoued state, and also that the active agent in the corrosion aga 


volatile body. ~ 
The next step in the investigation of the subjext is clearly to trace 
out the active agents which induce the corrosion of ti a-lead, and, in 


order to do this, I thought it desirable to observe the action of tea- 
lead when placed in contact with vapours of various classes of substances 
which might induce corrosion, or which under certainscircumstances 
might be produced from wood, and in the presence of moist air and car- 
bonic acid also induce corrosion. My reason of course for working only 
with? fne vapours of these substances was that in all the cases of corro- 
sion I had examined there were always parts of the corroded lead which 
were..not yw actual contact with the wood, and which therefore could 
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that the active agent of the corrosion waa volatile in a cu! went of steam . 


in almost a} cases. & 7 ® 

Lead is a metalewhich, it is well known, is easily corrodea@by certain ~ 
substances, and the moft fmportant case is the action which is employgd— 
on an enbrmous scale in the manufacture of white lead or carbonate of 
léad by the Dutch process. In this process sheets of lead rolled up in 
spiral form are cxptied in earthenware vessels, which contain a very 
mall quantity of acetic acid or vinegar # these vessels are then stacked 
together and surrounded by decomposing tan or other organic material 
which pn standing under the jnfluence of moisture, heats and, evolves 
carbonic acid. The quantity of acetic acid used in such operations is very 
mall, tess, I believe, than one per cent. of the lead operated upon, and yetr 
the lead under the influence of this minute quantity of acetic acid, and in, 
the presence of moist air and carbonic acid at a slightly elevated tempe- 
rature, is very rapidly’ corroded, and finally becomes almost entirely con- 
verted into white lead, which, as is well known, consists of carbonate jaixed 
with hydrate of lead, and which, as produced in the first instance, gentains 
minute quantities of lead acetate adhering to it, the acetate being after- 
wards removed by washing with water before the article is sent into 
commerce. : 

The first series of bodies the action of which I tried on tea lead, was 
the group of organic substances to which acetic acid belongs. In organic 
chemistry there isa large group of fatty acids as they are called, of which 
acetic acid stands noxt to the lowest, and which acids possess a precisely 
similar constitution, and act usually in¢precisely similar ways. Thene 
acids are homologous, only differing in composition by a well known 
incremeat of carbon and hydrogen. The lowest anembers only of this 
series are volatile, and I experimented with the five lowest with the fol- 
lowing results. The mode of expeT “ent was simple: a drop or two of the 
* acid, was placed at the bottom of a large bottle, a strip of tea lead was then 

hung in it, but not so.as to touch the acid and the bottle filled with moist 
carbonic acid and air, ‘the carbonic acid being renewed from day to day, 
or at frequent ipSrvals as seemed necessary. The action then could 
only take place between the lead and the vapour of the acid, and the car- 
ponic acid and moist air. 

The first or lowest member of this series is Formic acid, and under 
its action the lead surface became dull and corroded to a small extent. 
There was a grey coherent film adhering to the lead and little or no. white 
incrustation. The film on examination appeared to be Lead formates and 
it ig therefore evident that formic acid does not act on lead in thd same 
way that acetic acid does. 
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- \hootic acid in very small qiantity was tested in the’ sarle way ; the 

lead in a feyg hours was entirely covered with a film of white lead ; in 

twenty-four Yours the greater part of the lead had foen corroded and 

- destroyed, énd-in thirty-six hours the lead had been entirely eaten 

through, and: converted into white lead with a anal quantity of lead 
acetate present in it as usual. 

Propionic acid, the third member of the series, cule afew days Fad 
corroded the lead rather rapidly, and the greater Art of the lead was 
entirely eaten through. The grenter part of the lead was converted into 
the carbonate, though some soluble propionate was found. 

~ Propionic acid then acts on lead in a manner analogous to acetic acid. 

Baffric acid was tried in a similar manner, and after standing some 

dsys the lead was more than half eaten through, and the surface was 

* govered with a moist yellowish green deposit. The lead was to a consi- 
derabfe extent converted into lead butyrate, but lead carbonate was also 
present in small Quantity. Butyric acid therefore acts on lead in a man- 
ner analogous to acetic and propionic acid, but far more feebly. 

Vajeric acid, the fifth and last member of this series tried, caused a 
large ambunt of action on the lead, the surface of which became covered 
with a greenish yellow incrustation, and on some parts of which consi- 
derable amounts of crystalline scales were present. A large part of the 
corrosion was due to the-formation of lead valerate, but a small amonnt of 
carbonate was glso present. 

Valeric acid therefore acts on lead in the same way as acetic, propio- 
nic, and butyric acid, but the production of the carbonate is much more 
feeble. : ie 

A most interesting point in the case of the last two bodies, butyric 
and. valeric acids, is that the incrustation on the lead was strikingly ana- 

“jogous to that found if the rarer form of corrosion in tea chests as de- 
scribed under the cases S. 1. and SW 

Other but less volatile organic acids, such as Benzoic acid etc., were 
tried, but they produced no appreciable action on lead. “ 

Hydrochloric acid in the same way was tried and the lead surface be- 
eame covered with chloride of lead with which a mgute tface of carbo- 
nate was mixed. 

Nitric acid tested in the same way caused very rapid corrosion, the 
product of the action appearing to be either a basic nitrate or a mixture 
of nitrate and hydrate. 

Ammonia acted on the surface of the lead to a eral extent, and con- 
vertad'te paftly into oxide. 

& series of alcohols, consisting of methylated ethyl alcohol, ethyl 
alcohol, propyl alcohol, butyl alcohol and amyl alcohol, was tried, but 
beyond a slight superficial action no corrosion was found to take pare 
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- A seriet’ of” essential oils was then, tried, including oils of sche: 
bergamot, cinnamon, cloves, eucalyptus, lemon, pepperrhint, and tur- 
pentine, and also chaphor, menthol, and thymol. In almostgll the cases 
of the oils, slight cgrrosion of the lead into oxide and cartonate was - 
found. It was therefore clear that these oils facilitate the action of 
moist carbonic acid and air on lead. In no case however had the corrosion 
proceeded to any large extent, and it consisted only of a kind of white 
film or bloom on thésurface of the lead, such as is frequently seen in 
tea chests when there appears to have been a tendency to action, thongh 
no actual corrosion. In the case of camphor, menthol and thymol the | 
lead was perfectly unacted upon. - 

Other tests have been made, but they need not be here ascribed, 
and so far as my experiments have gone they indicate that the only class, 
of organic substances which is capable of producing rapid chemical ac- 
tion on tea-lead in the presence of moist air and carbonic acid is Theclass 
of fatty acids or the acetic series of acids. Of these forfnic acid does not 
produce any carbonate of lead ; the action of acetic acid, as is well known, 
is violent ; that of propionic acid is of similar nature but less cals: the 
principal products of the action being in these two cases white lead; 
and finally butyric and valeric acids produce yellowish green incrusta- 
tions on lead which contain only small quantities of carbonate. 

The next point which I have endeavoured td work out is to trace 
the actualactive agent which induced the corrosion in some of the cases 
described in the first part of the paper, and for this purpose a more 
minute investigation was made into the products of the corrosion of the 
leads. Four of the leads which had beencmuch corroded in the ten sam- 
ples which had been placed between rds were taken. The num- 
bers selected were No. 1. Wild mango wood, No. 4, Dumboil” wood, 
No. 5. Julna wood, and No. 8. Sita wood. wee ; 

Tu the corroded lead of No. teyche material was principally lead 
carbonate and lead hydrate; acetic acid was also distinctly detected by 
sevéral tests, so that the active agent in the corrosion of this lead 
was clearly acetic acid’ Inthe corroded lead of No. 4, the material 
was again principgl% lead carbonate and hydrate; acetic acid was also 
clearly detected; but the quantity present was very minute. In the cor- 
roded lead of No. 5, again, the corroded material was mainly lead 
carbonate and lead hydrate ; acetic acid was tested for and detected 
with great ease, and the quantity was comparatively large, sufficiently 
large to convert the acid into barium aéetate, which presented the usual 
properties. but the quantity was not large enough for a%jtmbitetive 
analysis. In the corroded lead of No. 8, the principal materia? was 
lead carbonate and hydrate, but the presence of acetic acid was also 

- clearly getrcted. a - 
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an Eviddatly then the action which has taken place in the case of these 
woods in confact with the tea-lead has been identical, with shat previous- 
ly described“as the Dutch methdd of making white Yad. Acatic acid was 
present if minute quantity, moist air and carbonts acid have also been 
~Rresent at a comparatively high temperature, and thus all the conditions 
were favourable for the production of white lead. “~e 

The conclusion, then, at which I arrived was that the corrosion was 
produced by the unseasoned, or moistened wood, aad that acetic acid was 
the active agent in the corrosion. In order to further test the point, I * 
made extracts from the various samples of wood numbered 1, 2, 3, 4, 5, 6, 
% 8, 9, and 10, and distilled these extracts with dilute sulphuric acid. In 
all cases a distillate of distinctly acid and acetoug smell was obtained, 
evidently showing the presence of small quantities of acetic or some 

analogous acid in combination in these woods. 

Abe final point which then remains to be cleared up is the origin of 
the acetic acid from the wood, for, as previously pointed ont, it evidently 
does not exist in the first instance ready formed in the wood, but is pro- 
duced by some secondary action. Dr, Wigner in the publication previ- 
ously referred to put forward a very probable theory. He remarks 
“ The aap of wood invariably contains sugar. The quantity is small, but 
still measurable. This sugar is in every case, which has come under my 
knowledge, a fermentable sugar, and the first result of the fermentation 
is in most cages alcohol. Fermentation being carried a step further free 
acetic acid is the natural result, With the formation of acetic acid 
carbonic acid is also formed ... Transferring this from a theoretical toa 
practical case: A wood conSaining sap which was more than usually 
saturated with sugar, and exposed to a moist heat, would ferment more 
readily, would produge a larger quantity of alcohol, would consequently 
produce a larger quantity of acetic acid, and would therefore, by infer. 
ence, derived from practical work, produce @ larger amount of carbonic 
acid, and thence of white lead. These effects would be produced mainly, 
if not entirely, upon the surface of the wood, and one of these surfaces 
would be in contact with the metallic lead which forms the lining of the 
case. Now let us see what would take place. Thetnad lining would be 
exactly in the same condition as the lead in a leadstack which was being 
worked by the Dutch process. Acetic acid, carbonic acid, and moisture 
would all be present. There would be a reasonable and probably, in 
accordance with practice, a very proper degree of heat, and the lead and 
wood would be in contact; and it seems the most natural thing in the 
werld tJ assiume that, as the result, acetate of lead would be formed by 
the direct action of the acetic acid. Carbonate and hydrate of lead 
would be formed from this by the action of the carbonic acid and the 
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rae “the air, and although'the two chemical changes would fun 
on almost cqucfrrently, yet the result would be the direct formation of a 
film of whi¥e lead. , as 

The samples o& wood Nos. 1 to 10 were therefore tébted to see 
whether any fermentdple sugar could be detected in them. It myst 
hasever, be remembered that these woods had already produced their 
corrosion, and according to the above theory a part, if not the whole, of 
the fermentable sughr contained in the wood would have disappeared in 
the process. Of the ten samples No. ] @ild mango wood was tested most 
carefully, and very distinct indications of a fermentable sugar were ob- 
tained, No. 5 jalna wood and No.9 bolos wood also gave clegr indiga- 
tions of fermentable sugar, and in the case of Nos. 2, 3, and 8 as well, there 
appeared to be traces of this substance, but in Nos. 4, 6, 7, and 10, I could 
not detect any indications of fermentable sugar at all. . e 

The presence of fermentable sugar in small quantity in the weod is 
certainly a probable cause of the formation of acetic acid, but wood con- 
tains other ingredients besides. Thus, for instance, some kind of gtarchy 
matter is a nearly constant ingredient of the stems of trees, re forms 
the chief bulk of the reserve matter out of which leaves and sfoots are 
produced in spring. The presence of starch is also in some way Gon- 
nected with the presence of sugar, for experiments have proved clearly 
the existence of varying amounts of sugar in fruit trees, and also that 
the sugar reaches its maximum in the spring whenethe starch is 
undergoing solution. Starch also in the condition in which it is found 
in wnseasoned wood under the continued influence of heat and moisture 
will undoubtedly suffer decomposition, avd the products of decomposing 
starch, as is well known, are of a decidedly acid character, and of the acids 
formed,’ some are of the acetic series, and of these butyric acid may be 


recognized. 
The sap of woods has also beer thvestigated and one of the principal 


conetituents is sugar. Of the presence of carbo-hydrates other than sugar - 
no definite evidence exigts, but in the cases which have yet been investi- 
gated malic,acid W also present in the sap. Now malic acid is a 
substance on whie*the action of putrefactive ferments has been tried, and 
the products of the fermentation are carbonic acid, acetic acid, succinic 
acid, and butyric acid. 

J regret that up to the present time I have not been able to investi- 
gate the sap of any Indian trees, nor have I found malic acid in the 
woods experimented on, but given the probable, if not the almost certain 
presence of small quantities of rhalic acid in the sap, and given Te cohdi- 
tions of heat, moisture, ete. to seb up putrifactive fermentation ‘in the 
moist and unseasoned wood, the presence of all the substanges necgssary 
to correqe{tea-lead will at once follow. 
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" N In the cage of an unseasone4woo4, the sap will still he present in 
small quantity, and thus the presence of acetic acid, batyri? otid, etc., may 
be readily agcounted for, if the wood is placed under ¢fcumsterces of heat 


and moistu%e favourable to the production of ferment@tion. 


_>-~ The conclusions that my experiments have aed me to form are as 


follows :— . —— 

1. That tea properly mannfactured in the ordinary way has no 

power to corrode lead. $ 

%2. That if unseasoned and damp wood is used for the manufacture - 
of the tea boxes, corrosion of the tea lead is, under favourable circum. 
stances, gmost certain, but that some varieties of wood act more viglently 
than others. 

3. That even if seasoned wood be used to make the tea boxes, and if 
ib be allqywed to become saturated with water, and then placed in favour- 
able Grcumstances of heat and moisture, corrosion of the tea lead may 
occur, though not to so great an extent as if unseasoned wood had been 
used. . 

4, 2 That the active agent does not exist ready formed in unseasoned 
wood, but is produced by a secondary action from the constituents-of the - 
wood. *" 

5. That the corrosion is not usually due to contact action between the 
lead and the wood, but that a volatile substance is gradually produced 
from the unseasoned wood. 

6. That the corroding agent is usually acetic acid in the presence - 
of moist air and carbonic acid, but that other acids of the same series are 
sometimes produced, and algo at on the lead, and in the case of “butyric 
and valeric acids a gréenish yellow incrustation is formed differing en- 
tirely from the whitigh or yellowish incrustation produced from acetic 
acid. 4 

7. That the acetic and other aizpare produced by the decomposi- 
tion (probably by a kind of fermentation under the influence of heat.and 
moisture, and perhaps started by decomposing nitrogenous matters) of 
certain substances which are known to be present in woods. Such bodies 
are fermentable sugars, starchy matters, malic acid, 

8. That the lead linings of the tea chests having been corroded and 
perforated by the corroding action of these acids in the presence of moist 
air and carbonic acid, the tea can easily take up the disagreeable odour 
which the wood itself will possess, after it has undergone the change 
in which acetic and butyric acid, etc., are formed, and thus the quality 
of +i tee will be deteriorated. 





